ABSTRACT Collagen in lung tissue was examined from patients with adult respiratory distress syndrome, from patients who did not have this disease but required mechanical ventilation and oxygen treatment, and from patients without overt lung disease. Cyanogen bromide peptide mapping techniques were used to determine the ratio of type I to type III collagen present in these lungs. In the fibrotic lungs from patients with adult respiratory distress syndrome a shift was found in the ratio of type I to type III from the normal value of 2:1 to a mean value of 3-4:1. In patients with normal lungs and those with other lung diseases collagen type ratios were normal. Our data suggest that (i) changes in lung collagen of patients with adult respiratory distress syndrome resemble those previously described in patients with idiopathic pulmonary fibrosis, although the changes occur much more rapidly in the former; (ii) the increased content of collagen in lungs of patients with adult respiratory distress syndrome shown by others is predominantly of type I collagen; and (iii) the stimulus to the lung to produce excess type I collagen relative to type III is not solely of iatrogenic origin-that is, resulting from oxygen or ventilator treatment.
The adult respiratory distress syndrome is a devastating disease of diverse causes in which a previously normal lung can be transformed into an irreversibly fibrotic one in a few weeks. The triggering mechanism for the fibrotic process remains unknown, although considerable controversy centres on the relative roles of the underlying disease process and of treatment with oxygen and positive endexpiratory pressure, which are often used to sustain life during the acute phase.'-4 Serious derangements in collagen metabolism can occur extremely rapidly in the course of this disease. Zapol and coworkers5 have shown that the total lung collagen content is significantly increased as early as 12 days after its clinical onset. Many workers have shown histological evidence of rapid collagen deposition in lungs of patients with the adult respiratory distress syndron2e.-3`6 The great rapidity of the change is remarkable3 as diffuse pulmonary fibrosis is usually thought of as a chronic disease of insidious onset. 7 Several animal models of acute respiratory disease leading to pulmonary fibrosis within two to four weeks have become available recently. The best characterised of these models of the adult respiratory distress syndrome include disease induced in rodents by intratracheally instilled bleomycin,89 intraperitoneally injected paraquat,'0 and inhaled ozone."l 12 In each of these three animal models not only is the total lung collagen content increased in parallel with the development of pulmonary fibrosis9 13 but also there are qualitative changes in the types of collagen being synthesised by the lung after the insult." These shifts in collagen types parallel the changes previously reported in lungs of patients with idiopathic pulmonary fibrosis,'4 and may reflect an obligatory basic mechanism. In the light of the data from the animal models of this disease we were stimulated to examine the question raised recently by Hempel and Lenfant's of whether the chemical composition of collagen synthesised in animal models of pulmonary fibrosis is similar to that of the collagen synthesised and accumulated in lungs of patients with the adult respiratory distress syndrome. We know of no comparable study. Last, Allan, Sieflcin, Reiser cyanogen bromide was stored in acetonitrile (2 g/ml) at -70°C; aliquots were thawed as needed. Either two or three samples from each patient were analysed; they were taken from different lobes when possible. Sample sizes ranged from 2 to 5 g, thus permitting multiple determinations to be made from one sample if necessary. In the case of the biopsy material (patient 2), there was only enough tissue for one determination. The samples were homogenised and washed overnight in 50 molll trishydrochloride, pH 7-4, to remove non-collagenous proteins. The samples were then digested with cyanogen bromide (1.5 x weight of sample) in 70% formic acid under nitrogen for four hours at 37°C. Cyanogen bromide and formic acid were removed by rotary evaporation; the samples were rinsed with distilled water three times, dissolved in column starting buffer (20 molI sodium citrate, pH 3.6), and centrifuged to remove undigested tissue. The peptides were then separated by chromatography on carboxymethyl cellulose as previously described. The fractions from the peak containing the peptides a, (I)CB-8, a, (I)CB-3-8, and a, (III)CB-8 were pooled and dialysed, and electrophoresis was performed on a polyacrylamide gel.'6 The Coomassieblue-stained gel was scanned with a densitometer equipped with an integrator to obtain the ratios of collagen types. We also measured total hydroxyproline'7 in the lung homogenate before cyanogen bromide digestion and in the clarified sample to determine the approximate percentage digestion of the total collagen present in the lung sample.
We found that in lung tissue from younger patients we routinely solubilised 80% or more of the lung tissue with a single digestion. A single digestion of lung tissue from older patients (aged 50 years and over), however, did not solubilise more than 50-60% of the total hydroxyproline. We therefore redigested the insoluble pellet from several different patients and determined the ratio of collagen types in the second digest (about 60% yield of the remaining 4-hydroxyproline in the pellets). We found that a second digestion solubilised about the same percentage of the total hydroxyproline as did the first digestion; furthermore, the ratio of collagen types in the pellet was identical to the ratio found in the initial digestion. Thus cyanogen bromide did not preferentially solubilise one type of collagen in such digests despite the relatively low yield of cyanogen bromide peptides solubilised at this step in the lungs from older subjects.
HISTOLOGY
Microscopic evaluation of lung tissue, with haematoxylin and eosin staining of 6-,um paraffin sections, was routinely performed at necropsy. In We found no evidence of a shift in collagen types in any of the patients not suffering from the adult respiratory distress syndrome, including several with lung disease who had been on ventilators, though it is important to note that group 2 patients all spent less time on a ventilator (three to eight days) than did the group 1 patients. Our data suggest that the stimulus for the shift in lung collagen types observed in this study is a fairly specific event-that is, such general insults to the lung as underlying disease other than adult respiratory distress syndrome and ventilator support for a few days with high positive end-expiratory pressures or high partial pressures of oxygen may not be sufficient to initiate the process. On the other hand, the potential interactions of oxygen treatment and ventilator support with the underlying disease process in the adult respiratory distress syndrome remain to be defined. Another unanswered question is whether the pattern of abnormal collagen deposition in the lungs of patients with the adult respiratory distress syndrome described by Zapol et al5 and by us in the present study is reversible or irreversible. Since lung function is thought to return to normal in survivors,'5 either the survivors are a selected population whose lung collagen metabolism does not change or the changes may be reversible on recovery (given that the functional tests reflect the structural change). Animal models may help to throw light on the natural history of the adult respiratory distress syndrome and may also prove useful in the assessment of potential antifibrotic drugs.612
